The structures of [(py) 2 CdFe(CO) 4 ] 3 and {(THF) 5 [CdFe(CO) 4 ] 3 } have been determined (py = pyridine; THF = tetrahydrofuran). Each is composed of a six-membered ring having alternating cadmium and iron centers. The presence of the more strongly basic amine ligands in the former led to a greater contribution of an ionic resonance form, which resulted in overall longer Cd-Fe bonds and a greater contribution of a bicapped tetrahedral coordination geometry about iron. Thus, the Cd-Fe distances range from 2.5679(4) to 2.6501(1)Å for the THF complex versus 2.6445(8) to 2.6833(7)Å for the py complex. Similarly, the Fe-Cd-Fe and Cd-Fe-Cd angles for the THF complex fell in respective ranges of 139.03 (2) ∘ .
Introduction
The complex HgFe(CO) 4 was first reported in 1929, and due to its insolubility, it was proposed to be a polymeric species [1] . Subsequent studies of its cadmium analogue revealed the cadmium complex to be tetrameric, composed of a square, eight-membered ring having alternating cadmium and iron atoms [2] . The respective metal coordination geometries were shown to be linear and cis-disubstituted octahedral, and powder pattern data demonstrated that the mercury compound was isomorphous [3] . The crystallization of the cadmium compound was made possible by the fact that some ether, ketone, and amine ligands readily coordinate, while that does not happen for the mercury compound, and in at least some of these cases, the coordination is readily reversible.
The base-coordinated cadmium compounds typically exist as [L 2 CdFe(CO) 4 ] species (L = an ether, ketone, or amine; L 2 = a bidentate amine) [2] [3] [4] , and they would generally be expected to be dimeric or trimeric (i.e., = 2 or 3, Figure 1 ) though at least one [LCdFe(CO)] species (L = 4-phenylpyridine) is known, as well as monomeric L CdFe(CO) 4 complexes, in which L represents a combination of at least three donor sites [3, 5] . The isolations of such species appear to have been promoted by the use of chelating ligands, or via the use of coordinating solvents for crystallization. In comparison, analogous complexes with the harder zinc ion are typically isolated as such monomeric species, whether chelating ligands are employed or not.
To date, the only [L 2 CdFe(CO) 4 ] species to have been crystallographically characterized has been the L 2 = 2,2 -bipyridine species [6] , which was found to exist as a trimeric complex. Notably, its zinc analogue has been found to exist as a dimer [7] . In order to attempt to gain a better understanding of the factors that control the extent of oligomerization in these complexes, we have determined the structures of [L CdFe(CO) 4 ] complexes in which the coordinated ligands are pyridine or THF.
Materials and Methods
All reactions were carried out in Schlenk apparatus under a nitrogen atmosphere. The pyridine (1) and THF (2) complexes were prepared and crystallized as previously described [2] . Single crystals of each compound were mounted on glass fibers with Paratone oil, and transferred to a Nonius Kappa CCD diffractometer. Systematic absences uniquely identified the two space groups. Data collection and processing utilized the programs COLLECT, DENZO-SMN, and SCALEPAC [8] . The structures were solved using heavy atom and direct methods with SIR97 [9] and SHELXL97 [10] . Final refinements were carried out with anisotropic thermal parameters for all nonhydrogen atoms, while the hydrogen atoms were given isotropic thermal parameters and were allowed to ride on their attached carbon atoms. For the pyridine complex, the pyridine ligand on Cd2 was found to be disordered over two sites, in a ratio of ca. 1.36 : 1. Scattering factors were taken from the literature [11, 12] . Pertinent experimental parameters are provided in Table 1 , selected bonding parameters are given in Tables 2 and 3 , and ORTEP representations of the molecules are given in Figures 2 and 3 . The CCDC depositions 966874 and 966875 contain the full crystallographic information for the pyridine and THF 
Results and Discussion
The previously reported complex [(py) 2 CdFe(CO) 4 ] (1) was found to be trimeric and located on a two-fold rotational axis, in agreement with previous suggestions [2] . The axis passes through Cd2 and Fe2. The six-membered ring is nearly planar, with the Fe1 atoms deviating by 0.038Å while the Cd1 atoms deviate by 0.044Å. The two independent metals of each type possess similar, but not quite identical, environments. This can be seen from the angles within the ring, Fe1-Cd1-Fe2, 135.31(3) ∘ versus Fe1-Cd2-Fe1 , 139.51(4) ∘ , and Cd1-Fe1-Cd2, 102.52(3)
∘ versus Cd1-Fe2-Cd1 , 104.62(4) ∘ . In the related [(2, 2 -bpy)CdFe(CO) 4 ] 3 complex (3), the differences are actually several times greater [3] . Slight differences are also seen in the Cd-Fe bond distances, with those around Fe1 (2.6645(8) and 2.6429(8)Å) being shorter than that around Fe2 (2.6833(7)Å). The value for Cd2 (2.6429(8)Å) is likewise shorter than those around Cd1, 2.6645(8) and 2.6833(7)Å. The values in 3 were more consistent, ranging only about 0.02Å, while also being slightly shorter, averaging 2.640(2)Å.
The chelating nature of the 2,2-bpy ligand led to NCd-N angles averaging 68.9 (2) ∘ , as compared to ca. 87 ∘ in 1. This naturally leads to larger overall Fe-Cd-Fe angles in 3, which range from 138.6(1) to 148.4 (2) ∘ , and then also to smaller overall Cd-Fe-Cd angles, which range from 94.8(1) to 102.3 (2) ∘ . The larger Cd-Fe-Cd angles in 1 then lead to smaller C(ax)-Fe-C(ax) and C(eq)-Fe-C(eq) angles (6) in 1 (138.2(3) and 135.8(4) ∘ versus 93.2(3) and 92.7(4) ∘ ). As found for complex 3, the iron coordination geometry in 1 is nearly midway between octahedral and bicapped tetrahedral. The latter geometry is promoted by the presence of basic donor ligands on the cadmium center, which leads to a greater contribution of an ionic resonance hybrid involving a coordinated Cd(II) center and Fe(CO) 4 2− . It was also desired to compare the above nitrogen-based ligand complexes with an oxygen-based one. The complex [(THF) 2 CdFe(CO) 4 ] has been previously reported [2] , and it was selected for this purpose. A trimer was again adopted, which quite unexpectedly possessed one three-coordinate cadmium center, and two of the expected four-coordinate cadmium centers, as a result of the constitution actually being {(THF) 5 [CdFe(CO) 4 ] 3 }, at least for the crystal under study. As would be expected, the three-coordinate cadmium center, Cd1, has Cd-Fe bonds (2.5679(4) and 2.5803(4)Å) that are shorter than those for Cd2 and Cd3, which ranged from 2.6201(4) to 2.6501(5)Å. The presence of the less basic THF as compared to amine ligands can be seen to have led to a lesser contribution of the ionic resonance form, and thus to shorter Cd-Fe bonds. Surprisingly, the Cd1-O13 distance of 2.475(2)Å is longer overall than the corresponding distances for the four coordinate Cd2 (2.476(2), 2.415(2)Å) and Cd3 (2.406(2) and 2.372(2)Å) centers. This would seem to be related to the significantly larger Fe-Cd-Fe angle about Cd1 (157.27 (2) ∘ ) compared to those for Cd2 (143.34(2) ∘ ) and Cd3 (139.03 (2) ∘ ). The presence of just one THF does not seem to be able to bring about much bending of the Fe2-Cd1-Fe3 angle, in accordance with the observation that cadmium has a greater preference for bonding to iron as opposed to even amine ligands, in contrast to zinc. The situation is reminiscent of a [CdFe(CO) 4 ] 4 structural result, in which two acetone molecules were found engaging in weak interactions with two opposing cadmium centers (2.688(9)Å, Fe-CdFe = 170.25(5) ∘ ). Somewhat analogous situations exist in [(4-phenylpyridine) 2 CdFe(CO) 4 ] 2 [3] and in a square planar cadmium complex [13] .
The presence of the weakly basic THF ligands in 2 also results in iron coordination geometries that lie more towards the octahedral than bicapped tetrahedral extreme, as reflected by C(ax)-Fe-C(ax) angles of 139.09 (15) ∘ , 146.31 (14) ∘ , and 147.61 (14) ∘ , and C(eq)-Fe-C(eq) angles of 93.94 (14) ∘ , 98. 
Conclusions
The complexes [(py) 2 CdFe(CO) 4 ] 3 and {(THF) 5 [CdFe (CO) 4 ] 3 } have both been found to exist as trimers, analogous to the 2,2 -bipyridine complex. More recent studies have found both other examples of related trimeric species, as well as some that are dimeric, and even tetrameric. In the present complexes, the replacement of THF by the more basic pyridine ligands was found to lead to a greater contribution of an ionic resonance form, as indicated by the Cd-Fe bond lengthening and a coordination geometry about iron that had a greater resemblance to a cis-disubstituted octahedral iron coordination geometry.
